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1 . t: roduc t ion 
During the mid-1970's a very extensive and intensive study of water 
qua 1 i ty \..'.:-ts conducted in the Hampton Roads 208 Study Area. Persons 
j ::t,!rcstcd in the work are ref erred to the HRWQA Grant Amendment Request 
c1 :1tc•<l April 20, 1979, for a brief review of the findings and the gaps in 
knowledge or data which were noted during those studies. For more detail, 
t !.,. rL·:1der is referred to the many volumes of reports submitted to HRWQA 
: l ~; consultants and the Management Plan which was the final product of 
tl.c .-.;c e f :" orts. 
In brief, population and land use det;erminations and projections, plus 
ot~er planning information, were used to generate estimates of both point 
~--:,urce lo:1dings (that is, industrial and municipal waste water discharges) 
:.:h: 1hH:p11jnt source pollution (ef->• agricultural and urban runoff). These 
w;ic:.t.e l.o:1d ings were then used to estimate the quality of the various water 
J.,1,l i,•·; \.Jhich receive these waste loads. During the project, the consultantR 
not~<l many areas where either data were lacking or there was an incomplete 
understanding of the processes at work. In addition, the original estimates 
of ~he "problem areas" were not always correct, so that work efforts were 
not alw~ys allocated proportionally to the severity of the water quality 
problem~; as they eventually: became known. And finally, due to the very 
l:1r.g1..• study area involved, ,and limitati.ons of time and money, certain 
~rcas were given relatively little attention. 
l 
T:., · · :•j•.'QA has proposed to EPA and h.:i.s received funding to conduct 
ad,: it i-._,:-::1 }_ studies. These studies will address some of the problems noted 
in the initial work and will be focused primarily in the Lynnhaven River 
and Northwest River drainage basins. The Lynnhaven River drainage basin, 
onL'! of t ::e "Small Coastal Basins" is urban-suburban in nature ( 4 9%); 22% of 
tl:e land is designated as upland forest, 17% as swamp forest, and 12% as 
agricultural. In terms of drainage capacities, 45% of the soil is classified 
as w~l l or moderately well drained, and 47% as poorly or very poorly drained. 
Previous 208 studies predict that between 1980 and the year 2000, light 
rt:•:-;icL:nt i:.11 and commercial/institutional u_sage will increase, and agricultural 
and vacant land areas will decrease. Population and employment also is 
p r1..•d ic t d! to increase by approximately one-third over the same time period. 
(,:; t:• ~ Fi~~ u re l • ) 
Co::1prehensive water quality studies of Lynnhaven Bay have been made 
h:. lhc· Virginin Institute of Marine Science in 1976 and 1979. The studies 
in ~Y76 were under the original 208 Program for the Hampton Roads area, and 
Cli:~:;i .-:t,.;.•d of both intensive and slack water surveys. Parameters measured 
included oxygen demand constituents, nutrients, bacteriological counts, and 
pi:ysical r..easurements. This work showed that fecal coliform contar.1ination 
l> n2r~l.ly exists. Much of the system has been closed to oyster harvesting, 
;:ind :Lt is cited as being the most severely contaminated area of the small 
cDastal basins. This work also suggested that high nutrient levels may be 
attribut,.,d to runoff from the surrounding land. Although dissolved oxygen 
lc•vels in the Lynnhavcn system are not in violation of state standards, 
t. h,!re wns concern that the high nutrient levels would produce large diurnal 
v:iriat i.ons in D.O. level$. 
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Figure 1. Trends in the Lynnhavan River, Virginia: 
A - Population and Employment, B - Land Use 
The work completed in 1979 was conducted for the U.S. Army Corps of 
Engineers, and included high and low slack water surveys on a single day 
with 4 pai.rs of surveys conducted during the summer. These, too, showed 
nut r iL·nt enrichment, high BOD' s, depressed oxygen levels and high fecal 
Cl)l ifonn l1..!Vels in the upper reaches. In general, water quality declined 
with di.stance from the inlet and up the tributaries. 
With the projected increases in low density residential land usage and 
pop,.lation, one can expect increased construction-related activities in the 
Lynnh.:i-...·('n area. Some research and engineering studies are needed to determine 
co~,t-effective strategies for controlling _nonpoint source pollution, both for 
th~ const~uction period and for the projected land use shifts. 
TlH~ :lorthwest River, which drains to Albermarle Sound, is quite different 
f rd;:1 Lynn haven River. The river is fringed by marshes with agricultural and 
re:~ idt.m t Lil lands beyond the swamp. 
!-~<l:,t. of the lan<l in the Northwest River drainage basin is eitlwr poorly 
or very poorly drained (74%), hence the area is severely limited for the use 
of septic tanks and subsurface drain fields. The table below characterizes 
the ar~a with respect to vegetation. 
Northwest River Drainage Basin 











With rl'~;;:rd to existing land use, 69% of the land is considered to be open 
space and undeveloped. Twenty-five per cent of the land is used for agri-
cultur\?, 2% for low density residential, 2% water, 2% commercial/institutional, 
:md I'.:'. 1 i:--1.ht industry. Projections for the yt!nrs 1980-2000, calculated in 
' ·• 
• 
previous 208 studies, show slight decreases in vacant (1%) and agricultural 
(lZ) l~n(:~, and slight increases in low density residential (less than 1%) 
r:nd cum:1:-.·:·,: ial/ institutional (1%) uses. Population and employment trends 
h1 .. ·,..;,_.vl·r, ;1re rising; population is expected to almost double by the year 
2000, while employment will more than triple. (See Figure 2.) 
Ther~ have been water quality problems in the past involving low 
dissolved oxygen levels (less than 4.0 mg/1), and color. The color of 
the Northwest River water is dark, probably the result of natural humic 
aciJ inputs in the river headwaters. Values of 270 color units (cu) 
and ]25 cu were reported in 1975 and 1970 .samples, respectively, greatly 
(•:-:n~l'<ling the 75 cu standard set by The State Water Control Board for public 
w;1 t ,.ir supplies. Previous 208 studies characterized it as being of fair to 
good quality as a surface water source. The City of Chesapeake is peroitted 
t.;) •,1i t:1Jraw 10 million gallons per day at their intake station located just 
d.-.v:1: r. r·t•,!m of the Route 168 crossing. Since the river will be used as a 
drinii~~ water supply, it is important to evaluate how changing land use 
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PROGRAM A: BMP EFFECTIVENESS 
!1 ri1Jr to the pnssa}~C of PL92-SOO, little attention had been given 
l•> the tupic of nonpoint source pollution. Many studies and much of the 
w,•rk focused on urban areas and the "first flush" concept of capturing 
the· in it i:11, highly polluted runoff and providing it with traditional 
w.:::Lt·'..;;1LL·s treatment. Even now, -little information is available to document 
tl1e costs and the effectiveness of various methods of reducing or controlling 
nonpoint loads. However, until such information is available, it will not 
be possible to develop effective management strategies for nonpoint source 
pollulion or to forcefully argue for the implementation of control mechanisms. 
TASK A- I: SELECT I ON OF RU[WFF S8MPL I NG SI TES 
T:w selection of sampling sites involves two steps: first, one must 
c~h,\,~(- t;:t.:: types of land uses and management practices to be monitored and 
.:l'~•-;r,l:, .-,pecific sites must be selected for sampling. The initial step 
5;,.)~lt: ir:clude land uses which are prevalent in the drainage basin and/or 
which produce large amounts of pollutants on a unit area basis. The manage-
r,:,·: ~ p:·.-i,·:.ices which are evaluated should have a high potential for both re-
d,ic t it.,n i::i. loadings and acceptance by land owners and developers. 
J,, t:H! Lynnh.:ivcn basin, about a quarter of the land is in urban uses 
(c,::.::un2cci.:ll, institutional, streets and industry) and a third is residential. 
T:·.cse land uses are projected to increase over the next twenty years, 
Ind icat i.n,; that construction rclc1tc,l activities are likely to be important 
d11ri.ng that period. The remaining major land uses are vacant land and water, 
I 
0 
both of which produce little pollution on a unit area basis. Therefore, 
urban uses, residential areas and construction activities appear to be the 
likely candidates for study. Suggested types of sampling sites for these 
land uses of or activities are listed in Table 1. Best Management Practices 
(BMP's) which are either frequently used or required in nonpoint source 
control in the Lynnhaven area are listed in Table 1 in the appendix. 
The Hampton Roads Water Quality Agency and/or its member agencies will 
select the land use types and the Best Management Practices to be studi~d. 
In addition they will have the primary responsibility for identifying 
potential sites and obtaining permission from landowners to enter the 
property, establish sampling sites, and collect samples. The Consultant 
will provide tcchni.cul advice during the selection process. 
Lynn haven Bay: Percent of drainage basin by land use categories 
Land use 1980 2000 Change 
Comm/Inst 11% 15% +4 
Industry/streets 12 14 +2 
Low. Den. Res. 27 34 +7 
High. Den. Res. 3 3 0 
Agriculture 7 2 -5 
Vacant 29 20 -9 
Water 12 12 0 
8 
<j 
Tn b 1 e 1. 
SUGGESTED TYPES OF SAMPLING SITES 
I. Urban and Residential Lands 
A. Street Sweeping 
- mechanical 
- high frequency mechanical 
- vacuum 
B. Drainage Controls 
- curbs & gutter, vegetated swales, gravel swales 
- porous paving 
- tree protection & vegetated buffer strip 
C. On-Site Retention 
- diversion dikes & perimeter dikes 
- settling basins 
r Tr. Cun.•:truction Related Activities 
A. Drainage Controls 
7i1ulching, topsoiling, growing grass 
- tree protection 
- straw bale barrier, storm sewer inlet protection 
B. On-Site Re tent ion 
- sedimentation basin 
- perimeter dike, diversion dikes, gravel outlets 
Studies of nonpoint source pollution have utilized both large, mixed-land-
us._• hasin:, and small, single-land-use catchments. For the study of BMP 
er f t•<.:t ivL·ncss, singlc-land-usr• catchments are most appropriate. Unfortunately 
it is impossible to obtain ideal data sets to compare various management 
practices; there will be either meteorological differences or site differences. 
In the first instance, a site is monitored when different BMP's are in effect. 
Thus differences in slope, soils and many other site characteristics will be 
eliminated. However, this technique requires a relatively long time (such as 
I,, 
one· year without and one year with a BMP) and there can be variations in meterology, 
ve~•,•~~tat ivc cover, etc. between years or seasons. Since time is limited for the 
208 study, and because many attributes of the Lynnhaven Basin are fairly uniform, 
it is recommended that the latter approach be used. 
Si nnJ the purpose of the 208 process is planning, it is not necessary 
~ ... ,·nn,!::,· .. detailed scientific studies of the mechanisms by which nonpoint 
i" : : 11t i-,:,:·. is generated. Also it must be understood that the comparisons 
o ~ ::;: :? 's · .. ,ill be quantitative but not especially precise. Variations in 
sit I,; cr.::racteristics and weather conditions will produce variations in the 
~y~tcm responses. However, these somewhat qualitative evaluations still 
can be ~·xtremely useful for planniPg pur~oses. It is suggested that the 
d.: ~ :1 gc:il:rated in the field program be analyzed in terms of loading rate 
a; a fllrll.:-t.i.on of total rainfall. - For the hypothetical example shown in 
Fi 1 .ure -~. one can not(• that the data poi.nts do not fall precisely on a 
line, but that distinct trends are apparent. 
... 
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Figure 3. Hypothetical Loading vs. Rainfall Plots 
D;:r_,1 from simultaneous measurements during a rain event should be plotted 
.in thi.s form as soon as they become available, so that management decisions 
can be made regarding the need for additional measurements. For the case 
sho\.ffi in the figure, BMP's l & 3 have roughly equal loading rates. Thus 
one \.JOuld not need to continue to compare these two methods. BMP' s l and 2, 
on the other hand, have quite different loading rates. Depending on the 
potential for implementation and need for definitiveness, measurements 
could be continued or stopped once the general trends were clear. 
For planning purposes, it is desirable to have information on many 
r:-.;,.1-::gement practices. Therefore, the Consultant should process field 
Jn1a rapidly and supply the loading rate curves to the Agency for their 
r1•view. If this protocol is followed, the utility of the field data can 
h..- :,:c;!-~(•:-;:;i:~d both from planning/management point of view and from the 
t· .. ;.1,iv,·dng/technical perspective. Unproductive avenues can be dropped 
~h ~;u1..,n ..ts this becomes apparent, and resources allocated to areas that 
,_.it lier :lre provi.ng to be or potentially are more fruitful. 
l l 
TASK A-II: FIELD MONITORING 
Field monitoring of alternative BMP's should provide data which can 
be u~:Qd both to evaluate BMP effectiveness and as verification data for 
th~ mathem.itical model STORM. The program should provide for a sufficient 
.., 
n11m1wr of storm-events at each site to allow an evaluation of the effectiveness 
of the control practice. On the other hand, the number of times a site is 
monitored must be kept small to allow for the maximum number of BMP's to be 
ev3luated. Weather conditions for sampling should include at least one 
heavy and one light storm event, as a practice may be quite effective during 
light storms, but rendered ineffective by ·a heavy storm. 
Tf the protocol recommended in Task A-1 is adopted, the Consultant 
will use the list of selected land uses and management practices to design 
tli'-~ field sampling program. Once this is approved by HRWQA, the field 
opvration will be initiated and water samples analyzed for appropriate 
1,.·.,: ,·r 'Jl;,1 ! i ty measures. Data, tabulated and also plotted in terms of 
ll 1~h:.ing rate and rainfall, will be submitted to HRWQA for review. The 
Ct.,r. :-·.ul tan: and the Agency will dee ide jointly whether a site will be 
s.-~:r:pled a,;ain after two rain events have been monitored. All data will be 
proviJed to the modelers for their use. 
Several types of information are needed in this program. Basin 
ch:tr.:.1cteristics can be determined once, but certain aspects, eg. vegetative 
cov(•r., should be updated periodically. Rainfall should be monitored during 
site-events, and total rainfall for the rain events during the previous two 
weeks should be measured as well. The quantity of runoff should be determined 
for each 8ite-event, and water samples should be collected for analysis of 
th(• runoff quality. Samples should be returned to the laboratory as soon as 
p,l~;:; i h l L' :md should be analyzed within 72 hours, if at all possible. 
A list of the recommended water quality analyses, plus other items to 
b~ monitored, are listed in Table 2. 
If µ0ssible measurements of rainfall and runoff and the taking of 
s:mples should be accomplished with automated equipment. For most cases 
a single composit~ sample, collected flow proportionally, will be sufficient 
to char~cterize the system response. For those instances where runoff quality 
·h f~xpected to vary sign:i.ficantly over the duration of the event, eg runoff 
from impervious areas, discrete, sequential sampling may be required. 
The primary difficulty encountered with manual sampling is that the 
fit·•1tl pC'rsonnel must be on-site before the rainfall begins. Especially 
durlng Lhe summer when weather patterns nrc highly loculized, it is difficult 
to achieve this objective without expending considerable time, effort, and 
mon,.:•y on "dry runs". Automated equipment does not require the presence of 
pcn:onnel before the rain, only following it, so that labor costs are held 
t,J a r..inimum. Equipment costs, though, can be high. It should be noted that 
it is not necessary to monitor a large number of sites simultaneously. It is 
prcfcrCible to have sites with the same land use but different BMP's sampled 
simultaneously, to facilitate the data analysis and comparison, especially 
if only a limited number of storm events will be sampled. With this in mind, 
the following plan is suggested as a means of securing good data, minimi,:ing 
h0tl1 personnel and equipment charges, and allowing for the rapid initiation 
of the field program once a consultant has been selected. 
The proposed plan is to survey land use gr-oups individually and sequen-
ti...lly, with only three or four sets of automatic equipment. For this reason, 
t :lo.· 1.;:nd uses/BMP' s selected by the Agency should be listed in terms of 
d,·,·r,.-;1:;in;: priority. The field program would proceed incrementally down the 
l i:;t. The top priority group would be addressed first; that is, sites would 
TABLE II - RUNOFF MONITORING 
Basin 
- size 
- ~;l)il ch.1racteristic 
- iii1pc·rvious area 
- ,~n.1un<l c:ovcr 
- soil moisture content* 
Rainfall 
- total rainfall 
duration, (beginning + end time) 
- i.ntensity 
air temperature* 
~~~10 ff Quantity 
- total runoff 
- maximum flow* (+time) 
- duration of runoff* (beginning + end time) 
I _P..1:~1of f Quality T 
- ,\m:11t>!l i a-~: it ro gen 
- rat rat e-H: itr ite-Nitrogen 
- To L11 Kj clda hl Nitrogen 
- So] 1.i:1l-2 Reactive Phosphorus 
- Tota] Phosphorus 
Dissolved Oxvgen° 
- Fecal Colifo~ms (Multiple Tube) 0 
- Sus~ended Solids (gravimetric) 
- Set~l~able Solids (gravimetric) 
- ~at~r Temperature 
?,ODS (nitrification inhibited) 0 
- TOC 
0 .• • 1 Lra D ~,amp es 
tSynth1:•tic quality control samples should be run periodically and/or 
s~mplcs split with other laboratories. Duplicates and spiked samples 
also should be a part of the analytical protocol. 
14 
b~ identified, sampling stations determined and prepared, and rain-event 
~:1mpl-ing initiated. As soon as the first set of sites was ready, during 
dry periods the personnel could begin selecting and preparing the second 
set of sites. Once a rain-event or two had been monitored at the first 
set of sites, the equipment would be moved to the second set of sites, 
and the w0rk could begin selecting and preparing the third set of sites. 
This process would continue in this fashion down the list of land uses 
and BMP's. As laboratory analyses are completed and the data processed, 
the Consultant and the Agency would jointly determine whether the initial 
sites warrant further study or new sites should be sampled. 
The schematic, Table 3, which follows illustrates how this system 
would work. This approach has several advantages. First, the field 
work could be initiated rapidly without waiting for all sites to be 
selected. Second, equipment purchases would be kept small since only 
a small set of sites would be monitored on any given rain event. Also, 
a small cadre of field technicians could effectively and efficiently prepare 
and maintnin the sites, minimizing travel time, false-starts, and other 
non-productive factors. Finally, this approach would provide numerous 
opportunities during the study for The Agency and The Consultant to alter 
or redirect the field efforts as called for by the results of the initial 
sc:;r:pl 1ngs. To some, this "open ended" quality could be viewed as a dis-
advantagc, since it would not be possible to specify precisely beforehand 
tL"' .... numhi:.>r of sites and/or site-events which will be monitored during the 
stt.<ly. U,_,wever, experience in the previous 208 studies indicates that it 
i; impo:-;:.ihlc to anticipate the results of field studies and that attempts 
t,1 chart progress and products on precise time tables only leads to repeated 
revisions of these charts as time goes by. A suggested field program is 
given in Table 4. 
,,. 
Table 3. Schematic ~-~0rk Plan for f~onpoir:t 5·.:.,urce Test Sites 
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The symbol (7) indicates the seventh rain event. The horizontal arrows indicate preparedness for 
rain event sampling, and the vertical arruws reprc-f=ent the trc'.lnsfer of the automated equipment. 
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Priority BHP GROUP 
1 ·street Sweeping 
5 Porous Paving 
3 Drainage Control 
Swales 
Curbs & Gutters 
Dike ·w/ Gravel 
outlet 
Mulching 
2 Settling Basins 
4 Vegetated Buffer 
Strips 
TOTAL 















































Sampling criteria, eg. time since last antecedant rainfall and minimum 
rainfall, will be land-use dependent and should be determined jointly by 
The Agency and The Consultant once the land use/BMP list is prepared. 
TASK A- I II; PREPARE DETAILED MANUALS 
The data generated by the field sampling program will be used to 
provide comparisons of alternative management practices. The information 
should be compiled and presented in a manual for use by planners, land 
owners and others. The material should be presente4 in a clear, straight-
forward fashion avoiding technical jargon and other aspects which would 
reduce the effectiveness of the manual. Although the matter is technical in 
nature, it should be presented in a non-technical fashion insofar as possible. 
IU 
These manuals will be prepared by the Agency, one of the member agencies, 
or by one of the localities. The responsibility of the Consultant is to provide 
data from the field program, to assist in the interpretation of the data, and 
to review the manuals with regard to technical aspects. 
. . 
PROGRAM B - LYNNHAVEN BAY 
The previous 208 studies indicated that the Lynnhaven Bay system 
i~ relat.ively urbanized at present and that urbanization will become more 
complete by the turn of the century. There are signs that present nutrient 
loadings to the bay are sufficiently high to warrant attention now and that 
increased loadings could result in deteriorated water quality. 
The mathematical model utilized in these studies was calibrated and 
validated with dry weather water quality conditions. Budgetary constraints 
di<l not allow measurement of storrnwater impact in the receiving waters and 
) 9 
ti~ model validation with respect to the stormwater impact has not been conducted. 
Tho proposed study plan provides for the fine-tuned calibration of the mathe-
matical model, field measurement and model simulation of stormwater impacts on 
rt".!ceivi.ng waters, and testing of control strategies utilizing information 
gath(·re.<l in Program A - BMP Effectiveness • 
' 
IASK B-I FINE-TUNED CALIJIBATION AND VALIDATION OF 
THE MATHEMATICAL WATER OUALITY MODEL OF 
THE RECEIVING WATERS 
The water quality model of the Lynnhaven Bay developed for the 208 
program is a tidal prism model. The physical transport of pollutants was 
~ffccted by simulating the flushing of freshwater runoff and tidal flow. 
TilL! moclcl is capable of predicting instrcam distributions of di.ssolved 
oxygen, fecal coliform bacteria and salinity. The model also includes the 
simulation of the nitrogen cycle, phosphorus cycle, and phytoplankton 
growth. Therefore, the model requires ct ~ubstantial a111ou"1t of hydrographic 
data as well as water quality data for model calibration and validation. 
A. D:ita Requirements 
1. Estuary geometry 
,·.·11111L•t ric dat.:1 in the forms of segment volume and mean segment depth are 
rv( 1u i rl'd as input data to the water quali.ty model. These data arc usually 
d2rived from the bathymetric data of cross-section profiles measured at~ 
S('.lected grid pattern. Bathymetric data of the Lynnhaven Bay have been 
~2asured by VIMS in the original 208 program. These data were used for 
the construction of the model. 
2. Water surface elevation 
Wa tcr surface elevation c hant~es in response to tidal e ff cc t a re needed 
for the calculation of the flow field. Several self-recording tide 
r,;11q!,('S were installed in the Lynnhavcn Bay for the original 208 program. 
Tile data from these tide gauges were used for the construction of the 
water quality model. Additional sets of measurements covering periods 
of stormwater runoff should be made for the purpose of studying storm-
water impact. Self-recording tide gauges should be installed simultaneously 
at locations shown in figure 4. 
3. Current velocity 
Curn•nt velocity clata are not normally required for the model. They 
.ire calculated based on time varying water surface elevations and estuary 
i'.,·,ir,;.:-try. However, current velocity data may serve to cross check the 
1·:,1cul.ation. No current data were collected in the original 208 study. 
:·(Ir- this conti.nu"ing study, current measurc•ments should be made during 
: !H: p1:riod tide gauges arc installed. The measuring locations .md ch1ptlu: 
t; a.:mfi"F a 
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:1r(: indicated in Figure 4. 
4. Freshwater .:md poJ.nt source discharg<.•s 
Fr..-:-;lt•,,1atcr and point source dlsch,1rges are the required input data 
t)f tlie wnter quality model. Because of its small topographic relief, 
the entire Lynnhaven system is under tidal influence and no stream 
f,a11:,;es are installed in the system. The quantity as well as the quality 
of t,lil~ freshwater runoff h:i11c to be calculated with the STOR.)1 model. 
Bi rcliwood Gardens STP is the only point source discharge in the system. 
rt di:;c.:h:1q~t•s trc:itt•cl munic fpal w:1!;l,• w:1Ll'r into Buchan.:1n Creek of tlw 
•, I 
'. 
W0stern Branch. The quantity and quality of this discharge should be 
monitored by the discharger, the State Water Control Board, or the Consultant. 
5. Benthic oxygen demand 
The oxygen demand of the benthic layer is often a significant sink 
of dissolved oxygen. Accurate measurements of benthic oxygen demand 
should greatly enhance the model calibration process. The oxygen 
demand should be measured in-situ to•insure maximum accuarcy. Some 
hl'nthic oxygen dcmnnd dnta were collected hy VIMS in October, 1975. 
In the summer of 1979, VIMS collected more data in the Eastern Branch 
of the Bay. Additional measurements hould be made at stations indicated 
in Table 5. The stations in the Western Branch should be measured 
twice and the stations in the Eastern Branch should be measured once. 
h. Meterological data 
~q)l:ir radiation data are required as input to the water quality model. 
Wi.:,d speed and direction data may be needed to identify abnormal 
hydro,;raphical and water quality conditions. These data can be ob-
tained from National Weather Service or local weather stations. 
7. Instream water quality data 
W~t~r quality data in the receiving water are required for model 
ca] ibration and validation. To collect these data, two types of 
fil·ld surveys should be conducted. One is the slack water survey 
:rnd t ht~ other is intt_•ns ive survey. The slack water surveys consist 
'-'f n • ..:rnthly trend monitoring to identify long-term (i.e. sea~onal) 
\,1.1lvr ciuality v:1ri.,tions. The intensive survey consists of hourly 
intvnsive s~.11npling to identify short-term (i.e. intra-tidal) water 
1111;11 ity variation as the result of stormwater impact. 
a. Slack water surveys 
The trend monitoring of water quality should be conducted on a 
~onthly basis. At least one survey should be conducted each 
month from April, 1980 to October 1980. Suggested sampling 
!-,tat ions arc shown in F igurc 5. Table 5 shows the sampling 
depths at each of the stat Ions. 
b. Intensive stormwater impact survey 
One intensive survey Hhoul<l be conducted in the months from June 
!:' 
Table s Water Quality Sampling Stations 
Station Sampling Depths* CBODu Benthic Demand 
1 T,B 
2 M X X 
3 M 
4 M X 
5 M X X 
6 M X 
Pl M X 
Sl M X 
\'11 M 
W2 M X 
1-JJ M 
H4 M X 
~-JS M X 
Bl M X X 
* T = top or 2 ft below surface 
B = bottom or 2 ft above bottom 
M = mid-depth 
The following water quality parameters should be measured 













Secchi disk depth 
In addition, samples for the ultimate BOD (nitrogen inhibited) 
should be collected at the selected stations as indicated above. 
..-------------------------
c Slack Run Stations 
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to J11l y 1980. Tlie survvy ~;liould start within one <lay :ifter 
the storm event for which the nonpoint pollutant loadings ar0 
monitored. The sampling ~tations are shown in Figure S. Table 
h shows the sampling frequency for each of the parameters. The 
Burvcy shoul<l ht• conducted cont InuouHly for nt least 25 hours. 
Model Calibration 
~!ost of the biochemical reaction constants in the simulated systems of 
water quality have been calibrated during the development of the model 
for the orignial 208 program. These calibrated values should be used 
as guides for the fine-tuned calibration of the model. The intensive 
survey data of this program should be used for model calibration. 
C. Model Validation 
One important usage of the model will be the evaluation of stormwater 
im?act on water quality in the receiving waters. To demonstrate the 
model capability in this respect, the model should be validated with 
the intensive survey data collected after a storm event. 
D. Model Documentation 
·r·11e mathematical model should be documc~nted in a report to the HRWQA. 
·, ···, 
This report should include a description of the model and the refinement 
:7udc over the original version, appropriate figures and tables demonstrating 
t !i:1 t~ the model has hN>n calibrated, appropr iau• figures nnd t:ihlef, d<!mon-
·.1 r:1l Int~ that the rnod£•l h:1s b0l•n vall<l:it<.!d for slnrmw;1tc•r impact,;, 1111d 
1 h,· rvsults of a 8ensltivlty analysis of the model. The Consultant !-ihould 
e i.ther supply a tape or punched cards to the HRWQA or maintain a copy of 
the model in its files for use by others. 
TASK B-II: FIELD DATA COLLECTION AND ANALYSIS 
A. Tidal water surface elevation 
Self-recording tide gauges should be installed simultaneously 
at tte locations indicated in Figure 4 for a period of 19 days 
i'.t1compassing the days that stormwater impact are monitored. 
B. Current measurements 
C1.1.rrent measurements, velocity speed and direction, should be made 
at the sites st~tions and depths indicated in Figure 5 following 
t lw t,torm and concurrontly with stormwater impact studies. These 
ml'a!,urcments should be m.:1de at least hourly, more frequently if 
possible, over 6 tidµl cycles. 
•• d 
Table 6. Water Quality Sampling 
INTENSIVE SURVEY SLACK SURVEY 
Sampling Period: 25 hrs Sampling Period: 7 months 
Sampling Points: 7 Sampling Points: 15 
Total 
Analysis Frequency i Samples Frequency* # Samples # 
Samples 
Temperature Hourly 175 M 135 
Salinity II 175 M 135 
D.O. II 175 M 135 
TKN Every 2 hr 91 M 135 
Ammonia-N II 91 M 135 
Nitrite-N II 91 M 135 
Nitrate-N 11 91 M 135 
Total-P II 91 M 135 
Ortho-P II 91 M 135 
Chlorophyll "a" II 91 M 135 
CBOD5 Every 3 hr 63 M 135 
Fecal Coliform II 63 M 135 
Secchi disk Every 2 hr 91 M 135 
CBOD M 36 u 
* Slack survey sampling will take place once per month, with an additional two 
















C. Po int source discharges 
The Birchwood Gardens STP ~hould be monitored. Data submitted to the 
Slate Water Control Board should be obtained and evaluated to assure 
tk1t they nrc sufficient to provide long term hnck~round information. 
During the period of the stormwater impact study, the discharge 
should be monitored on at least three days, with samples collected 
throughout the day, if possible. The samples should be analyzed for 
the same parameters as water quality samples, listed in Table S. 
D. Benthic oxygen demand 
Bcnthic oxygen demand measurements should be made at the nine stations 
listed in Table 5. Those stations in the Western Branch should be 
measured only once. The Consultant should submit the method for this 
measurement to the HRWQA for their approval. 
E. Slack water surveys 
Six same slack surveys should be made during the months of April through 
October 1980 at rougly monthly intervals. The stations and sampling 
depths are those given in Table 5 and samples should be analyzed for 
those parameters listed in the slack survey section of Task B-1. Two 
boats should be used for each survey to allow for simultaneous collection 
of samples in the Eastern and Western Branches. 
F. Intensive stormwater impact survey 
.\n intensive survey should be con<luctccl during the months June through 
.ltJl:,· 1980 to documc~nt stormwater lmpacts. Sampling stations an• 
tho~:L• shown in Figure 5, and the water quality analyses and frequency 
of s::mple collection are those shown in Table S. Also two additional 
~lack water surveys should be made roughly two and five days following 
tr~e intensive survey. 
G. ~aboratory analyses 
Water samples collected during any of the above field projects should be 
rcti.~ rned to the laboratory and analyzed quickly and within those time 
lir,dts recommended by EPA, as often as this is possible. A quality 
a s~•.;rance program should be developed and submitted to the HRHQA for 
t hd r approval. This should include quality control, duplicate and 
spike samples, comparative analyses with EPA or other certified 
l~boratories and so on. 
H. Data report 
The data resulting from the various field programs should be tabulated 
~nd included in a brief data report along with any additional information 
t~1t is necessary to interpret the tabulated data. 
n 
TASK B-111: GENERATE NONPOINT SOURCE LOADINGS 
The mathematical model STORM was used during the initial 208 studies to 
gt:!nera te nonpoint source pollutant loadings. The Consultant will need to 
acquire this model (it is in the public domain) and be able to reproduce 
th..? loadings generated earlier. In addi.tion, the model must be recalibrated 
to reproduce the runoff loads for the BMP's tested in Program A. 
A. Operate the STORM model 
The Consultant must acquire the model STORM and make it operational. 
Land use statistics, values of coefficients and other input data for 
the model should be obtained from the Malcolm Pirnie reports to HRWQA 
and used to generate nonpoint loadings. These loads should be compared 
with those generated by Malcom Pirnie, and any discrepancies between 
them must be accounted for. 
R. Modify the STORM model 
The r i.eld data collected from small catchments during storm events will 
be ,.Vied to calibrate the storm runoff model. Through successive tri.als, 
:md adjustment of parameters, the model will be adjusted until it 
r,:·:ir )C.uces total runoff volume, runoff duration, time rate of runoff, 
tot.al pollutant runoff and, as closely as possible the curve of pollutanL 
runoff versus time. 
C. Interfacing STORM and Lynnhaven water quality model 
Th..:; STORM runoff predictions should be written in such a way as to generate 
the nonpoint source loading inputs required by the water quality model. 
Th~ data reformatting should be accomplished either by a subroutine or 
by a separate data handling step. In either case, disk file storage 
si·wuld be used throughout, thus eliminating hand calculation and key-
punc. bing. 
TASK B-IV: ASSESS EFFECT OF BMP IMPLEMENTATION 
The strength of mathematical models as planning tools is that alternative 
:r::1n,1·:-,(~:-;ien t strategies can be tested with minimal cost. For this particular 
jn~;t;1nce, it is necessary to determine the water quality response of the 
rt.~c(!ivin:-~ waters to implementation of BMP's. Although the Consultant will 
h;tv(• prirnv responsibility for th:ls task, close coordination with the HRWQA 
.. ~ind it :-.1 uwmber agcnc ies is a necessity • 
A. ncvelop test plans 
The Jata on BMP effectiveness generated in Program A should be used to 
develop various control strategies for reducing nonpoint source pollutant 
loadings to Lynnhaven Bay. These strategies could be developed according 
to various criteria such as minimum cost or maximum pollutant reduction, 
·immc·diate change versus phased implementation, all land owners change 
vcn;11s BMP implementation with change in land use or modification of 
facllities. If data arc avallablc from the National Urban Runoff Program 
or other such projects, these too should be utilized in developing 
alternative management strategies. 
8. Determine water quality effects of each test plan 
S':'U!'~I should be used to generate non point source pollutant loads for 
c·ach test plan, and the water quality model of Lynnhaven Bay utilized 
to d~termine what changes in water quality result with the implementation 
of each test plan. 
C. Report on model testing 
A bri0f report on the results of the model tests should be submitted 
lo L l1e HRWQA along with computer printouts of selected model runs. 
''l'lle format of this report should be that which provides the information 
(•asily and readily to the planning agencies. 
!' 
PROGRAM C - NORTHWEST RIVER 
During the previous 208 studies, the Northwest River was investigated 
with respect to population and land use trends, and nonpoint source pollutant 
loads. However, there was no study of the water quality of the river. 
Over the last decade or so, there has been considerable study of the 
N0rthwest River with respect to its potential as a source of drinking water 
nnd the changes which might occur with varying water withdrawal rates. 
RL•c,·ntly, the City of Chesapeake began withdrawing water from the river just 
dcll,:n~;t rf•,"1.11 of the Route 168 bridge. As part of the permitting process, the 
cit:: h.1!'; been monitoring and continues to monitor water quality at the intake 
sitL~ ..in<l .1t several locations downriver, the furthest point being near the 
mouth ln Tull's Bay. 
SLnc..:= both population and employment are expected to increase signifi-
c;i11t 1 y in the future, there is concern that these changes could lead to 
l11l:rc:1::cd nonpoint source pollution and impair the quality of the river 
w~t2r. Although the data collected by the City of Chesapeake are interesting 
and useful for many purposes, they are not suitable for assessing nonpoint 
source i~~acts. Therefore it is necessary to provide a receiving water model 
of the ~orthwest River so that water quality changes which occur with land 
use shifts can be assessed. 
IltS._K c-1 DEVELOP A WATER QUALITY OF THE NORTHWEST RIVER 
The Northwest River has the unique characteristic that it borders 
vxtcnsivc swamp areas on both sides. During periods of dry weather, ground 
water from the Dismal Swamp feeds the river and sustains the river flow. 
In the event of rainfall, the surface runoff filters through the swamp to 
reac:1 th~ river body. The comma~ approach of directly linking the nonpoint 
source model model and receiving water model can not be applied here. The 
nonpl)int source model, e.g. STORM, would provide the quantity and quality of 
storr.1water runoff which discharges into the swamp. However, the water quality 
model of the receiving waters requires as input data the quantity and quality 
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of water entering the river body. Therefore, there would be a data gap between 
the two. The lack of knowledge and understanding of the role of swamps, plus 
time and budget constraints preclude the closing of this data gap in this program. 
fu1 alternate approach needs to be devised. 
A. Mudcl Description 
1.'n account of the data gap mentioned above it is recommended that a 
"black box" type of model be developed. That is, instead of simulating 
t::e physical and biochemical processes, an empirical or statisti:al 
r~lationship will be established between the instream water quality 
condition and the nonpoint source runoff. 
l. Time Scale 
Trw model should consist of two modes, one for the dry weather condition 
an<l the other for the stormw.:itcr runoff event. For the dry weather 
condition, the model should predict the steady, equilbrium water 
quality condition in response to given hydrological and meteorological 
c0nditions. For the stormwater runoff event, the model should predict 
the time varying water quality condition in response to the quantity 
and quality of nonpoint source runoff. 
2. Spatial Scale 
The• major water qu.:ility concern of the Northwest River is the public 
w.-1ter f;upply of the City of Chesapeake. Therefore, a model c:ipnh1e 
i> f p r 1 • d i r: t 1 n g w at er q II n 1 l t y c n n d i t I on 1-1 a t t he int n ke lo c n t ion wo u l cl 
lw Huff lcl1•nt. It JH not necc~;:,ary for the• model to predlct wnt<.•r 
,1u;Jlity conJition throughout the length of the river. However, the 
,\111'~••1· •I· >4'?••••..........,.._.,I'__,,,..,.... ___________ ~ 
model ~.;hould be able to accept the input of nonpoint source runoff 
fro~ each branch of the river. 
3. HyJrodynamic Tr:rnsport 
Since the model would be a "black box" type, the simulation of hydro-
dynamic transport will not be effected by advection and diffusion 
processes. Some type of phase-lag response should be formulated 
empirically or statistically. 
4. Water Quality Parameters 
Because the river is a source of public water supply, the water quality 
parameters of the model should include at least fecal coliforms and the 
nitrogen series--organic-nitrogen, ammonia-nitrogen, nitrite and nitrate-
nitrogen. The water in the Northwest River is characteristically acid 
swamp water. The organic rich bottom sediment exerts a high oxygen 
dc-m;md and the dissolved oxygen level is frequently less than 50% 
!,;1tur:1tion. Since the dark water which restricts light penetration 
as well as acid pH minimizes algal gro·wth, the study of the impact of 
alternate BMP's on eutrophication is not of high priority. 
5. Data Requirements and Field Surveys 
a. River Geometry 
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Si.nee the water quality model will be a "black box" type model, detailed 
geometric data of the river is not necessary. A cross-sectional profile 
at the intake location will be sufficient. The cross-sectional profile 
is to be used to calculate the river discharge. 
b. Water Surface Elevation 
The water surface elevation at intake location should be measured at the 
s3~e time current velocity is measured. 
c. Current Velocity 
Tlie velocity distribution in the cross-section at the intake is required 
to calculate river discharges. The current may be measured with a hand 
h0ld current meter. The cross-section should be partitioned into a minimum 
of three compartments, and at each compartment the current should be 
measured at least at two depths. The measurement should be made when 
the water quality samples are collected. 
d. Freshwater and Point Source Discharges 
Freshwater discharge and pollutnnt loading from stormwatcr runoff will 
be provided by the nonpoint source model STORM. The only point source 
upstream of tlw wnter lntnke i.s from a naval facility, which has a high 
degree of treatment. It is believed that the pollutant loading from 
this point source is insignificant. However, at least one set discharge 
d~1 ta should be o btaincd. 
" 
e. Instream Water Quality Data 
Two types of instream water quality surveys should be conducted, 
dry weather survey and stormwater impact survey. 
1. Dry Weather Survey 
Once a month from May to September, water quality samples should 
be collected at intake location to analyzed for the water quality 
parameters listed in A-4. The samples should be collected when 
there is no wind tide set-up. The current velocities (B-3) should 
be measured when water samples are collected. 
2. Stormwater Impact Survey 
Immediately after a storm for which the nonpoint runoff is monitored 
water sample collection and velocity measurements should be conducted 
at intake location every two hours until stormwater runoff recedes. 
B. Modelling Studies 
The Consultant will analyze data, develop necessary relationships, 
calibrate, and if data and budget constraints permit~ verify the 
mo<lcl. A report describing and documenting the model calibration 
~n<l s~nsitivity analyses will also be provided. 
TASK c-11 - FIELD PROGRAM 
A field program must be conducted to supply the data to calibrate the 
wat~r quality model. These surveys should be conducted as specified in Task 
C-I, S cc t ion A - Data requiremen_ts and field surveys. All water samples .., 
collected should be returned to a qualified laboratory promptly and analyzed 
for the parameters noted within time limits specified by EPA. Standard 
methods should be employed and a quality assurance program should be established 
to insure the validity of the data. 
1J 
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The data from the field program should be tabulated and provided to 
the HRWQA along with a brief explaining sampling techniques, analytical 
metho<ls and other information necessary for interpretation of the data. 
The Consultant will meet with the agency or firm conducting the field 
surveys at least once to coordinate field and modelling efforts. Additionally 
the Consultant will advise and provide limited technical and field assistance 
as requested by the Agency. 
A detailed description of the field program is given in . the appendix. 
TASK c-111 GENERATION OF NONPOINT SOURCE LOADS 
The Consultant should acquire the model STORM and make it operational 
u:; i11~: :-:t;ltist ics and coC!fficicnts determined by Malcolm Pirnie Engineers in 
pr0vious 208 studies. The model should be run and predictions compared with 
earlier values. Discrepancies between the two sets of predictions should 
be accounted for. 
Using local climatological data and data generated by the BMP effectiveness 
studies and/or other nonpoint source programs, the Consultant should operate 
the STOR!-1 model to provide nonpoint source loadings for that portion of the 
Northwest River drainage basin above the Route 168 crossing of the river. Non-
point loads should be estimated for the summer of 1980 and for the same set 
of water quality measures as used in the Lynnhaven studie~. 
I 
_, 
TASK c-Iv: ASSESS EFFECT OF CHANGING LAND USE 
The Consultant should conduct a series of model runs using the STOfil1 
and river water quality models in order to assess the effects of projected 
land use changes. Land use statistics should be those generated in previous 
208 studies. with any modification suggested by the HRWQA or its member 
agencies. At a minimum the models should simulate 1980 conditions, plus 
those projected for 1983 and 1995. 
Should the predictions indicate degraded water quality conditions, the 
conm1ltant should develop several strategies for reducing or eliminating 
these problems, and test these strategies with the STORM and the river 
water quality models. 
A report should be prepared which presents the projected water quality 
trends and alternative control strategies for ameliorating any anticipated 
water quality problems. 
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SUGGESTED SCHEDULE .Ai.~D ESTIMATED COSTS 
The schedule for accomplishing the tasks is presented in the following 
table in terms of the beginning dat~ and completion date for each task. It 
should be noted that the completion dates for the BMP field testing and the 
model studies are same as those in the Grant Amendment Request. However, to 
maintain this schedule the Consultant must be selected and a contract nego-
tiated rapdily. In addition, The Agency and other interested parties must 
move quickly to identify those land uses which are of interest and importance, 
and to select those ~nagement practices which appear to have the greatest 
potential for implementation and amelioration of nonpoint pollution problems. 
Costs for the several tasks have been estimated. These costs reflect 
wages and salaries, unit charges, indirect charges rates etc. which are in 
effect at VIMS. The estimates should be modified accordingly to determine 
the costs at other institutions or firms. The estimates by program arc: 
Program A: BMP Effectiveness $ 119,000 
Program B: Lynnhaven Bay $ 95,000 
Program C: Northwest River $ 23,000 














Program B: Lynnhaven Bay 
Model Preparation 
Calibrate/Modify 






STORM Model Preparation 
Operate/Modify 
Calibrate (1980 Conditions) 
BMP Effectiveness Tests -
Program C: Northwest River 





STORM Model Preparation 
Operate/Modify 
1980 Simulation 
Land Use Changes Tests 
Begin 
April 1, 1980 
May 1, 1980 
May 10, 1980 
May 20, 1980 
June 1, 1980 
Jnne 1, 1980 
June 1, 1980 
January 1, 1981 
April 1, 1980 
April 1, 1980 
September 1, 1980 
January 1, 1981 
April 1, 1980 
April 1, 1980 
June 15, 1980 
November 1, 1980 
April 1, 1980 
April I, 1980 
July I, 1980 
January 1, 1981 
April 1, 1980 
April 1, 1980 
October I, 1980 
January 1, 1981 
May 1, 1980 
April, 1980 
April 1, 1980 
July 1, 1980 
January 1, 1981 
J7 
End 
April 30, 1980 
July 31, 1980 
August 10, 1980 
August 20, 1980 
October 31, 1980 
November 30, 1980 
Decemhc~r 31, 19BO 
March 31, 1981 
March 31. 1981 
August 31, 1980 
December 31, 1980 
Ma re h 3 1 , 1 9 81 
December 31, 1989 
October 11, 1980 
July JI, 1980 
Dccemher 31, l9R() 
Deccmher 31, l9RO 
June 30, 19BO 
December 31, 1980 
April 30, 1981 
February 28, 1980 
September 30, 1980 
December 31, 1980 
Febru~ry 28, 1981 
September 10, 1980 
December 31, 1980 
June 30, 1980 
December 31, 1980 
April 31, 1981 
















Fringe Benefits & Indrect Charges 
Major Equipment Purchases 
Flowrneter 4 
Composite Samplers 4 
Accessories 4 
Fibreglas Sheds 4 
H-Flurnes 8 



































Fringe Benefits & Indirect Charges 
Plywood flume 
Foundation for shed 
Travel 5 trips 
Supplies 










Site Event Preparedness and Sampling (60 Site-events) 
Labor: Hours 
Scientist 2 









Fringe Benefits & Indirect Charges 174 
Water Quality Analyses 
Travel 
Cost per site-event 









PROGRAM B: LYNNHAVEN BAY 
,.! Hours 
Labor: Rate Bl B2 B3 B4 Total Amount 
Scientist $15 80 80 40 120 320 $ 4,800 
- Scientist $13 60 440 140" 640 8,320 
Scientist $10 400 120 60 580 5,800 
Technician $ 8 160 160 1,280 
Technician $ 6 400 400 800 4,800 
Technician $ 5 600 640 80 1320 6,600 
Technician $ 4 160 160 640 
Subtotal $32,240 
Water Quality Analyses 14,000 - $14,000 
Computer $2,400 900 900 1,500 5,700 
filravel 40 800 100 280 1,220 
Boat Rental 4,000 - 4,000 
Supplies 1,200 - 1,200 
Equip Rental 2,000 - 2,000 
Drafting,Printing 800 800 800 2,400 
Fringe Benefits & Indirect Charges 32,240 
Total for Program B $95,000 
·,,; 
! 
PROGRAM C: NORTHWEST RIVER 









Hours Rate Ainount 
40 15 $ 600 
1 year 6,000 
138 7.25 1,000 
Subtotal 
Indirect Charges 
9 hrs $300 









Fringe Benefits & Indirect Charges 
Computer 2 hrs $300 




Hours Rate Amount 
20 $15 300 
20 13 260 
Subtotal 
Fringe Benefits & Indirect Charges 






























construction-rel a tr•<! 
pollutants 2) rc·Ld n 
pollutants t. pcJl l ul~·,·'. 
wu.tcr on-sit,_• c1 1:1.qi. 





























1) Direct sc.:d incnt- LJd1 ·n 
storm runoff to on-~; i te 
trapping facilities 
located at the perimeter 
of the site or dis t~:r:::.cd 
area until area is stJb-
lized. 
1) To provide routes 
2) Minim i zc ~-:, 1 :i 1 1 (I~;~;: r rr 1m 
cro~~ion r._•t-..1rd:; qul I y 
dcvcloprnc·nt, ,1 f i (>rd:: 
access & tunr.tj<,n:; ;1:; 
turn-arotlnd arc.:.1 
Drains storm runoff collec·c.-
ed behind a sedimcnt-ret~in-
ing structure. TU-~POh.1\ l :.Y 
Provides disposal of excess 
surface water, reduces ~low 
velocity w/out damage by 
erosion or flooding 
Control erosion & scdi1:1cnta-
tion in areas where soil 
has been distribed 
Conserves moisture; prc~vcnt 
surface comp:iction or 4-,:ru:~ l ·-
ing; reduces runoff & ,.,ro::i 1 >1 : 
controls wcc·d:;; h,·lp:; ,·::t ,:.··· 
1 is h p 1 il n t co v c r on I .:.inn 
construction site~. :~.;tc,::-







































cover for erosion reduction 
Protects soil surf .:te,." 
Traps scdir.icnt ,1t on-f; i l.(• 
construction arc:.:ts to pt·• .... 
vent clogging of dr..-1.ln..t1Jc 
control structures & rcuucc 
sediment runoff. 
Establishes stand of tr,~,_•'.: 
for erosion & sc·diment con-
trol, landscape beautific~tion 
watershed protection, dust 
control & dune stabiJ.j;~.1t-inn 
prevents rills & gull.ic!:i l,y 
permitting subsurface \\'ll t(·r 
migration w/out remov~1l or 
soil particles. 
Intercepts & d i--.tort~; r:~1r r,w,, 
runoff 
• 
PROPOSED WATER QUALITY MEASUREMENTS OF THE NORTHWEST RIVER 
Table 2 presents an outline of the information necessary to establish 
a data base with respect to seasonal water quality trends in the Nort!1west 
River, in the area of the City of Chesapeake water intake. Sampling sites 
include the area of the water intake facility, with alternate samples bein;-~ 
taken from lines within base operations, containing untreated water. The 
parameters listed in the table are suggested due to their usefulness i.n the 
modeling efforts, and their pertinence in the evaluation of river water 
quality. 
In cases where applicable, the use of meters and recorcers for the 
measurement of such parameters as dissolved oxygen or temperature is n<lviscd. 
Sampling frequency is minimally once per-month, although additional snmples 
will greatly aid in the formation >fa more ~omplete ·data base. Sampling 
period is from May through September. Sampling efforts should be made 
during dry periods, a minimum of three days following a rain event. 
An additional consideration, resources permitting, is an intensive 
study conducted for 26 hours, with hourly sampling for the following 
parameters; temperature, dissolved oxygen, turbidity, total nitrogen, total 
phosphorus and total organic carbon • 
Table 3 summarizes research needs for the stormwater, "wet per lod'' 
survey of the Northwest River. This survey should be made after a major 
storm event, and should continue until stormwaters have receded. (thi::; to be 
.,, '\ 
.-1 Joint decision between the Agency, the Consultant and the City of Chesrqwakc•). 
Table 4 outl inc.~s sampling an<l unalyt ical protocol for dctcrm In ing 
point !;ource inputs into thP NorthwPst River, while Tnhlc 5 
information neceHBury to i:atlnfy 1,y,Jror~r:1phk r,·,111fr(•nwntn of the mr,.f,·l. 
• 
TABLE 2. DETEP.MINATION OF DRY WEATHER CONDITIONS & EST/\BLISHMENT OF 
DATA BASE FOR NORTHWEST RIVER, VIRGINIA 
SEASONAL TRENDS 
(Minimum Effort) 
Station: Intake area, although 
additional stations are desirable. 
Frequency: Monthly, although 
















Dissolved Oxygen (Min-Max if possible) 
Sulfate (Optional) 
Total Organic Carbon*** 
Biochemical Oxygen Demand (5 days) 
Biochemical Oxygen Dcm.1nd (30 days) 
Chlorophyll~*** 
Fecal Colif orms 
SEASONAL TRENDS 
(Optional Effort) 
Station: Intake area w2tcr 
available in treatrr.ent f2ci-
lities, but untreated. 
Frequency: Daily, if possible, 




Organic Nitro~('n (i.·.'<'•·kl v) 
Ammonia-Nitrc::~C'n ( " ) 
Nitrate-Nitrite ( " ) 
Nitrite-~Htrogcn ( 11 ) 
Orthophosphate ( ) 
Total Phosphorus ( 11 ) 
pH ( " ) 
Sulfate (Optional) 
Total Organic Carbon ( wc(•i·. l ::·) ;, .::. 
Biochemical Oxygen Demand ( 1.:r·::·i 1 -,'; 
Fecal CoJ .iform~_; (w1.~...-l-:1 y) 
Notes: Samples should be tnken during dry weather conditions, a mini.mum of 
three days past a prece<linfl rain event. 
* For these samples, the Consultant will install n gauge or other d,·v !c,·; 
the City of Chesapc•ake sliould he responsible for maintaining th(' dcvi,-,_._ 
and assisting in its installation. 
** Current velocity measurements should be made at a mi.nimum of ~;i;.: ::it•·: 
on u tran:.a•ct ncro:-rn th<.· Northwc•:;t Rfv<·r, pPrpt•t1<llculnr to tht• fq:,11<,, 
Hltc. 
*** Chr-t:t1pc•11k<! wl.11 col lr·cl LIH•1:.• 1111111plt•1: nod Jwrform prt·tn·:il11wnl 
(flJt.c•rlnv,, pr,.1u•rvl11~ ,,r fr,•1•:t.l11p,): tti,, C"nr:1ilt1111f will l"·rl•,1:'.1 1 111 ,l 
• 
TABLE 3. DETERMINATION OF STORM EFFECTS ON NORTHWEST RIVER: 
PROTOCOL 
STATION(S): A sample from the intake area is the minimum, however 
more samples are recommended. 
FREQVENCY: Every two hours following the storm until stormwatcr 


















Total Organic Carbon*** 
Biochemical Oxygen Demand (5 days) 
Biochemical Oxygen Demand (30 days), daily 
Chlorophyll~*** 
Fecal Coliforms · 
* For these measurements, the Consultant will inst.:111 a 
guage or other device; the City of Chesapeake will be 
responsible for assisting in its installation, and 
maintenance. 
** Current velocity measurements should be made at a 
minimum of 2 depths at 3 stations on a transect across 
the Northwest River, perpendicular to the intake site. 
*** Chesapeake will collect these samples and perform pre-
treatment (filtering, preserving or freezing); the 
Consultant will perform the analyses. 
I I"" ·•) 
SAMPL J !~' I 
• 
(" 
TABLE 4. QUANTIFICATION OF POINT SOURCES ON THE 
NORTHWEST RIVER, VIRGINIA; RECOMMENDED 
ANALYSES 
STATIONS: All significant point sources. 


















* Chesapeake will collect and perform pretreatment; the Consul t:rn t 1 .. dl l 
perform analyses. 
TABLE 5. ANALYSES NECESSARY TO DETERMINE HYDROGRAPHY OF 
CITY OF CHESAPEAKE INTAKE AREA ON 
THE NORTHWEST R IVEF! 
,:) 
1. Cross-Sectional Profile 
2. Water Surface Elevation (Joint effort betw(•en 
the Consultant und City of Chesapeake) 
3. Current Velocity (Minimum of 2 depths at 3 sites 
across transect) 
/tf, 
